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Organophosphates (OPs) are widely used as pesticides, and its urinary metabolites as well as the blood 
cholinesterases (ChEs) activity have been reported as possible biomarkers for the assessment of this 
pesticide exposure. Moreover, the OPs can induce mutagenesis, and the bone marrow micronucleus test 
is an efficient way to assess this chromosomal damage. This paper reports a study carried out to verify the 
correlation among the disulfoton exposure, blood ChEs activity, urinary diethyl thiophosphate (DETP), 
and diethyl dithiophosphate (DEDTP), as well as micronucleated polychromatic erythrocytes (MNPCEs) 
frequency. Four groups of rats (n=12) were exposed to disulfoton at 0, 2.8, 4.7, and 6.6 mg kg-1 body 
weight. The blood ChEs activity, urinary DETP and DEDTP concentrations, and MNPCEs frequency 
were determined. It was observed that the plasmatic and erythrocytary ChEs activity decreased from 
2.9% to 0.5% and from 35.9 to 3.3%, respectively, when the disulfoton dose was increased from 0 to 
6.6 mg kg-1 (correlation of 0.99). Urinary DETP and DEDTP concentrations, as well as the MNPCEs 
frequency, increased from 0 to 6.58 µg mL-1, from 0 to 0.04 µg mL-1, and from 0 to 1.4%, respectively, 
when the disulfoton dose was increased from 0 to 6.58 mg kg-1 body weight.
Uniterms: Pesticides/exposure study. Organophosphate/exposure study. Disulfoton/exposure. Dialkyl 
phosphate/urinary excretion. Blood cholinesterase. Micronucleated polychromatic erythrocytes/frequency.
Os organofosforados (OPs) são amplamente usados como praguicidas e a atividade da colinesterase 
sanguínea bem como os metabólitos urinários desses praguicidas têm sido reportados como biomarcadores 
eficazes para avaliar casos de exposição. Além disso, os OPs podem induzir mutagênese e o teste de 
micronúcleo de medula óssea é uma boa alternativa para avaliar os danos cromossômicos. Esse artigo 
reporta um estudo sobre a correlação entre a exposição a dissulfoton, a atividade da colinesterase 
sanguínea, a excreção urinária de dietil tiofosfato e dietil ditiofosfato e a frequência de micronúcleos 
em eritrócitos policromáticos. Quatro grupos de ratos (n=12) foram expostos a dissulfotom nas doses 
de 0, 2,8, 4,7, e 6,6 mg kg-1 de peso corpóreo. A atividade da colinesterase sanguínea as concentrações 
urinárias de dietil tiofosfato e dietil ditiofosfato e a frequência de micronúcleos foram determinadas. Os 
resultados demonstraram que as atividades da colinesterase plasmática e eritrocitária diminuíram de 2,9 
para 0,5% e de 35,9 para 3,3% , respectivamente, quando a dose de dissulfoton foi aumentada de 0 para 
6,6 mg kg-1 (correlação de 0,99). As concentrações urinárias de dietil tiofosfato e dietil ditiofosfato bem 
como a frequência de micronúcleos aumentaram de 0 a 6,56 µg mL-1, 0 a 0.04 µg mL-1 e de 0 a 1.4%, 
respectivamente, quando a dose de dissulfotom foi aumentada de 0 a 6,58 mg kg-1. 
Unitermos: Pesticidas/exposição. Organofosforados/exposição. Dissulfoton/exposição. Dialquil fosfatos/
excreção urinária. Colinesterase sanguínea. Eritrócitos policromáticos micronucleados/frequência.
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INTRODUCTION
Organophosphates (OPs) are potent and effective 
anticholinergic insecticides and one of the largest classes 
of pesticides sold worldwide. They are widely and effec-
tively used in agriculture, but to a lesser extent, in domestic 
pest control (Odetokun et al., 2010). Among the organo-
phosphates, we can mention disulfoton (O,O-diethyl S-[2-
(ethylthio)ethyl] phosphorodithioate ) (Figure 1), which is 
extensively used in coffee crops in Brazil. However, these 
compounds can be responsible for serious intoxication 
problems, and, for this reason, biomarkers are welcome to 
monitor the level of exposure to OPs, as well as the more 
probable effects resulting from each one.
Blood cholinesterases (ChEs) activity (specifically 
in erytrocities) has been largely used as a biomarker of 
OPs exposure since these pesticides inhibit these enzymes’ 
activity in red blood cells and plasma (Yucra et al., 2006; 
Costa, 2008). 
A simple procedure based on spectrophotometry can 
be efficiently employed to determine the ChEs activity 
(Ellman et al., 1961). On the other hand, there is a great 
variation in normal enzymatic activity among different 
individuals. Thus, the ChEs activity in the pre-exposure 
period should be the reference to estimate the enzymatic 
activity during the exposure (HSE, 2000). In addition, OPs 
insecticides can be biologically metabolized to dialkyl 
phosphates (DAPs), and these urine metabolites have also 
been reported as possible biomarkers to assess the OP ex-
posure levels (Maroni, Fait, 1993; Wu et al., 2010). How-
ever, their use as biomarkers has not been regulated yet. 
Figure 2 shows the structures of the two most commonly 
measured disulfoton metabolites: diethyl thiophosphate 
(DETP) and diethyl dithiophosphate (DEDTP) (Bravo et 
al., 2002; De Alwis et al., 2009).
Another effect of the OPs is their ability to induce 
mutation and probably cancer. A good methodology to 
evaluate the mutagenic effect is the in vivo rat bone mar-
row micronucleus test, due to its effective assessment of 
both chromosomal damage and loss, induced by chemi-
cals, as well as its simplicity and high speed in compari-
son with traditional chromosome analysis (Von Ledebur, 
Schmid, 1973; MacGregor et al., 1987). The micronucleus 
can originate from acentric chromosome fragments or 
from whole chromosome lagging at anaphase during the 
division of the nucleated precursor cells. They persist in 
the cytoplasm during some time, and thus, may be scored 
at interphase in polychromatic erythrocytes (Watanabe et 
al., 1982; Kirsch-Volders, 1997; Cicchetti et al., 1999). 
An increase in the micronucleated polychromatic eryth-
rocytes (MNPCEs) frequencies is, therefore, an indication 
of aneuploidy or induced clastogenicity. 
As commented previously, different biomarkers have 
been individually studied to evaluate the exposure to OPs 
or the specific effects of these pesticides. However, the 
correlations among them, as well as the exposure doses, 
have not been estimated until today, and there is no classi-
fication about the efficiency of each one for monitoring the 
exposure. In this context, this work aimed at studying the 
correlation among the exposure doses, blood ChEs activi-
ties, urinary DETP and DEDTP concentrations, as well as 
MNPCEs frequencies in rat groups exposed to disulfoton.
MATERIALS AND METHODS
Chemicals and solutions
Acetonitrile and tetrahydrofuran (HPLC grade) were 
obtained from Vetec (Rio de Janeiro, Brazil). The water 
was obtained from a Milli-Q water purification system 
(Millipore, Bedford, USA). Disulfoton (O,O-diethyl S-[2-
(ethylthio)ethyl]phosphorodithioate 98.6% purity) was 
purchased from Fluka (Buchs, Switzerland) and prepared 
in corn oil before each application. Stock solutions of DETP 
and DEDTP (both from Sigma-Aldrich, Steinheim, Ger-
many) were prepared at 1.0 mg L-1 in acetonitrile, placed 
in an amber flask, and kept at -20 ◦C for up to 30 days. Di-
thiobisnitrobenzoate (DTNB), acethylthiocholine (ATTC), 
and cyclophosphamide (CPA) were obtained from Sigma-
FIGURE 1 - Chemical structure of disulfoton.
FIGURE 2 - Chemical structure of diethyl thiophosphate (DETP) 
and diethyl dithiophosphate (DEDTP).
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Aldrich (Steinheim, Germany). 3% (v/v) 2,3,4,5,6-penta-
fluorobenzyl bromide (PFBBr) (Sigma-Aldrich, Steinheim, 
Germany) solution was prepared in acetonitrile, daily.
Study subjects and sample preparation
The animals used in this study were handled in ac-
cordance with the Ethical Principles for Animal Research 
adopted by the Brazilian College of Animal Experimenta-
tion (COBEA). The protocol used here was approved by 
the Ethics Committee for Animal Research at the Federal 
University of Alfenas (process: 296/2010). Adult male rats 
weighing 275 ± 30 g were used in the in vivo experiments. 
The animals were housed in metabolic cages in an experi-
mental room under controlled conditions of temperature 
(22±2 ºC), humidity (55±10%), and 12-h light/dark cycle 
with ad libitum access to diet and water. The animal ex-
periment comprised four groups with 12 rats each. Group 1 
was the negative control and Groups 2, 3, and 4 received a 
single intraperitonial injection of disulfoton solution (Llo-
rens et al., 1993) containing 2.8, 4.7, and 6.6 mg kg-1 body 
weight, respectively, corresponding to 30%, 50%, and 
70% of the 50% lethal dose of disulfoton in rats, (LD50 = 
9.4 mg kg-1 body weight) (Brodeur, Dubois, 1963). For the 
MNPCEs test, a group of six rats was also used as positive 
control, in addition to the other groups, which received 
30 mg kg-1 body weight of CPA. The DETP and DEDTP 
urinary concentrations were determined, for each group, 
in urine samples collected after 24 h of the disulfoton ap-
plication. Urine samples were submitted to a molecularly 
imprinted solid-phase extraction (MISPE) followed by 
derivatization with PFBBr and analyzed using gas chro-
matography mass spectrometry (GC-MS), as described 
by Santos et al. (2012). DETP and DEDTP concentrations 
were corrected by the urine density (Molyneux, 1964). 
Animals were sacrificed by decapitation, 24 h after the 
treatment, and all the blood was collected to evaluate the 
ChEs activities by the Ellman modified method (Ellman et 
al., 1961). The bone marrow was processed immediately 
after the decapitation, and the mutagenicity studies were 
carried out using the bone marrow micronucleus test, ac-
cording to MacGregor et al. (1987) protocol.
Instrumental
A gas chromatography mass spectrometer (GC-MS) 
model QP-2010 from Shimadzu® Corporation (Kyoto, 
Japan) equipped with a RTx®-5MS (30 m×0.25 mm 
i.d.×0.25 μm) capillary column (RESTEC, Bellefonte, 
USA) was used to determinate DETP and DEDTP uri-
nary concentrations. Blood cholinesterase activities were 
determined using a UV-VIS Biomate 5 (Thermo Electron 
Corporation, Rochester, USA) spectrophotometer operat-
ing at a wavelength of 430 nm. An Eclipse 50 i (Nikon, 
Melville, USA) microscope was used to perform the 
MNPCEs counting. 
Statistical analysis
An analysis of variance (ANOVA) followed by 
independent t tests were used for statistical analysis of 
the results for ChEs activities and DAPs levels. The MN-
PCEs frequencies between the treated groups and their 
respective controls were compared using Chi-square test 
(χ2) (Dragano et al., 2010). All results were considered 
statistically significant if the p values obtained were ≤ 0.05.
RESULTS AND DISCUSSION
Measurements of erythrocyte ChEs activity have 
been used to indicate the exposure to OPs (HSE, 2000; 
Costa, 2008). However, the enzyme activities’ measure-
ments may not be sufficient to infer about the exposure 
levels to OPs, as these enzymes can also be inhibited in 
the absence of OPs. Moreover, the major problem is the 
difficulty to be able to measure very small decreases in the 
enzyme’s activity compared to the normal levels (Cocker 
et al., 2002). Furthermore, the best correlations are only 
obtained when the ChEs activities, during the exposure, 
are compared with the pre-exposure values of the same 
individuals. Thus, we consider it important to investigate 
the possible correlations among OP exposure doses with 
other potential biomarkers such as the urinary metabolites 
of OPs (e.g. DETP and DEDTP), as well as the DNA le-
sions by the increase in the MNPCEs frequencies.
For this purpose, different doses of disulfoton were 
administered in rat groups as described in the section, 
“Study subjects and sample preparation”. Table 1 shows 
that significant differences were observed among all ex-
posed groups and the negative control for the plasma ChEs 
activity. Nevertheless, there were no significant differences 
in the plasma ChEs activity between both groups exposed 
to 2.8 and 4.7 mg kg-1b.w, whereas statistical differences 
between the group exposed to 6.8 mg kg-1 and the other 
groups (exposed to 2.8 and 4.7 mg kg-1) were observed. For 
the erythrocyte ChEs activity, statistical differences were 
observed among all the groups. It was also observed that, 
at the lowest dose of disulfoton (2.8 mg kg-1), there was a 
decrease of ca. 50% in the erythrocyte ChEs activity, indi-
cating that this biomarker is more sensible than the plasma 
ChEs activity. The erythrocyte ChEs activity can also be 
considered a better biomarker than the plasma ChEs ac-
M. G. Santos, R. V. Vitor, M. G. Nakamura, L. S. Morelini, R. S. Ferreira, A. G. Paiva, L. Azevedo, V. B. B. Marques, I. Martins, E. C. Figueiredo152
tivity due to the larger correlation coefficient as shown in 
Figure 3A. These results highlight the importance of the 
erythrocyte ChEs activity, as the decrease of the plasma 
ChEs activity is not always related to the exposure to OPs 
(Cocker et al., 2002). On the other hand, it is known that 
the erythrocyte ChEs activity is basically influenced by 
OPs, with less interference of other factors.
The main metabolic route of OPs in mammals produces 
metabolites that are excreted in urine. These compounds can 
be considered biomarker candidates, mainly due to their high 
specificity, once that their concentrations increase basically 
after exposure to OPs (Cocker et al., 2002). However, it is im-
portant to highlight that their use as biomarkers has not been 
regulated yet. Therefore, DETP and DEDTP were determined 
in animal’s urine exposed to different doses. As can be seen 
in Table 1, DEDTP concentrations were smaller than DETP 
concentrations. According to Oglobline et al. (2001), DEDTP 
is quickly metabolized to the corresponding monosulphated 
and oxidized metabolites yielding low urinary levels. Figure 
3B shows that there is an exponential increase in the DETP 
and DEDTP concentrations when the disulfoton doses are 
increased. Perhaps disulfoton, like other organophosphates 
such as chlorpyrifos, can cause bioactivation of CYP2B6, 
CYP1A2, CYP2A6, CYP2C9, CYP2C19, and CYP3A4, 
resulting in their exponential increase for higher doses (Sams, 
Cocker, Lennard, 2004). When the doses of disulfoton are less 
than 4.7 mg kg-1 b.w., a satisfactory linear correlation was ob-
tained for both analytes (r= 0.993 and r= 0.952, respectively, 
for DETP and DEDTP), attesting that both metabolites are 
adequate to express the intoxication levels.
The mutagenic ability of disulfoton in acute expo-
sure was also assessed by MNPCEs frequencies (Table 1). 
The sensitivity was shown by the positive group’s 
response, which used the mutagenic agent (CPA) and 
displayed significant increases in MNPCEs frequencies 
when compared to the negative control group. The results 
showed that all groups exposed to disulfoton presented 
MNPCEs frequencies larger than that spontaneously 
generated by the negative control group. In this way, all 
dose levels can be considered mutagenic. Additionally, 
the lesion caused by this pesticide was lower than that 
caused by the mutagenic agent CPA, an inactive pro-drug 
that induces its therapeutic anti-tumor activity after being 
metabolized to acrolein by the hepatic cytochrome P450 
enzymes (eg. 3A4, 4A5), similarly to the OPs (Liu et al., 
2012). Besides, it was possible to observe that the MN-
PCEs frequencies increased proportionally with the doses, 
resulting in a linear tendency, as demonstrated in Figure 
3C. These results are comparable with the paper from 
Mohant et al. (2011), who observed a linear relationship 
between exposure dose and DNA damage (r = 0.84) by 
using comet assay in fingerlings exposed to the phorate. 
These DNA damages were probably caused by electro-
phile and nucleophile compounds as well as by some 
primary metabolites such as oxons that interfere in the 
structural integrity of biomolecules, namely, proteins and 
nucleic acids (Caprino, Togna, 1998). Thus, the increase 
of the pesticide dose may result in more DNA damage, 
favoring the cancer process in the exposed individuals.
Overall, our study demonstrates that plasma and 
erythrocyte ChEs activities reflected the relationship 
between dose and effect. However, the erythrocyte ChEs 
activity resulted in better correlation and sensitivity. Ad-
ditionally, a satisfactory correlation between exposure 
TABLE 1 - Activity of plasma and erythrocytes ChEs, urinary concentration of DETP and DEDTP and frequencies of MNPCE in 
the bone marrow of rats exposed to disulfoton in different exposure doses
Treatment Rat Number
Plasma ChE 
(%)
Erythrocyte ChE 
(%)
DETP 
(µg mL-1)
DEDTP 
(µg mL-1) MN bone borrow* %
Negative control group
(not exposure) 12 2.85±0.08 35.86±3.17 < 0.010 < 0.007 0.48 ± 0.17
Group 1 (exposure 
to disulfoton at 
2.8 mg kg-1b.w)
12 0.85±0.08 18.75±2.60 1.18±0.14 0.013±0.001 0.62 ± 0.18
Group 2 (exposure 
to disulfoton at 
4.7 mg kg-1b.w)
12 0.74±0.10 11.80±1.07 2.40±0.31 0.04±0.006 1.20 ± 0.20
Group 3 (exposure 
to disulfoton at 
6.8 mg kg-1b.w)
12 0.52±0.05 3.30±0.32 6.58±0.96 0.11±0.015 1.40±0.20
* The frequency of MNPCE of a positive control group (n = 6) administrated with 30 mg kg-1b.w of ciclophosphamide was 1.74 
± 0.27%.
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FIGURE 3 - Effect of the disulfoton doses in the plasma and 
erythrocyte ChEs (A), in the urinary concentration of DETP and 
DEDTP (B) and in the frequency of MNPCEs (C).
dose (<4.7 mg kg-1b.w) and the urinary metabolites con-
centrations was also observed, particularly for DETP (high 
sensitivity). Furthermore, the measurement of urinary 
DAPs metabolites is less invasive and logistically easier. 
Finally, for doses higher than 2.8 mg kg-1 b.w, it is pos-
sible to suggest that, like other OPs, the disulfoton causes 
mutagenicity in vivo, even in an acute exposure (Bagchi 
et al., 2005), a fact especially important for victims of ac-
cidental ingestion or attempted suicide.
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